Background. There is not enough epidemiologic data of biopsy proven renal diseases. This is the first report of clinicopathologic correlations over a period of 20 years from central Balkan country-Serbia. Methods. A retrospective review of reports of 2 362 native renal biopsies performed on patients at the leading nephrology unit in Serbia from 1987 to 2006 was undertaken. Patients were divided in two groups according to age: younger (<60 years old) and older (≥60 years old). Results. The annual incidence of renal biopsies increased from 3.9 p.m.p./year in 1987 to 12.5 p.m.p/year in 2006. The most common clinical syndrome as an indication for renal biopsy was nephrotic syndrome (NS) (53.6%). Membranous nephropathy was the most frequent cause of NS (21.6%). Primary glomerulonephritis (PGN) accounted for about two thirds of all performed biopsies. Non-IgA mesangioproliferative GN was the most frequent primary GN accounting for almost 25% of all PGN in our whole population, while the prevalence of IgA nephropathy was only 12%. Lupus nephritis was the most frequent secondary glomerulonephritis (75.6%). Conclusions. This report represents epidemiological overview on biopsy proven renal disease coming from one specific Balkan country, which was under economic sanctions for almost half the studied period. We are hoping that this register will be the basis for developing not only a national register but also a register that will encompass all Balkan countries.
Introduction
Renal biopsy was introduced into regular clinical practice by Iverson and Brun in 1951, and from that time it has been an irreplaceable tool in assessing the diagnosis, giving a prognosis and guiding the treatment of many renal diseases [1] . In addition, the renal biopsy registries can provide epidemiological information about the incidence, prevalence, demographic data and clinical presentation of most renal diseases. There are several renal biopsy registries worldwide, but a very small proportion of them are national registries that include the whole population of one country [2, 3] . There was an attempt back in 2002 to create such a registry in Serbia, but, in spite of great enthusiasm and a successful first issue, the attempt failed. However, the renal biopsy registry of the Clinic of Nephrology, Clinical Centre of Serbia, contains ∼70% of all renal biopsies done in Serbia, according to data in the national registry for 2002, which included both adult and paediatric patients (data on file).
The aim of this study was to report the relative frequency of nephropathies according to age at the time of biopsy and clinical presentation, based on histological diagnoses.
Methods
Records of renal biopsies performed on patients at our clinic from January 1987 till the end of December 2006 were retrospectively examined. We recorded the following data for each patient: name, age, sex, indication for renal biopsy and pathohistological diagnosis. Renal biopsy specimens were stained and analysed by light microscopy and immunohistochemistry using polyclonal antisera against human IgG, IgM, IgA, C3, C1q and, if necessary, kappa and lambda light chains. However, during the period of 8 years (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) , immunofluorescence analysis was not performed regularly, and pathohistological diagnosis in 262 biopsy samples (16.1%) was established only according to the light microscopy findings. Electron microscopy was not systematically performed, and only 5.2% renal biopsy specimens were analysed by this method. The indications for renal biopsy were categorized into six clinical syndromes: nephrotic syndrome (NS), acute nephritic syndrome, asymptomatic urinary abnormalities (AUA), haematuria, acute renal failure (ARF) and chronic renal failure (CRF).
NS was defined as proteinuria >3.5g/day/1.73 m 2 and hypoproteinaemia or hypoalbuminaemia. Acute nephritic syndrome was defined as haematuria, hypertension, oedema, oliguria and reduced glomerular filtration rate. AUA encompassed non-nephrotic proteinuria with or without microscopic haematuria. Haematuria was defined as the presence of haematuria without any other signs or symptoms of renal disease. ARF was defined as a sudden and rapid deterioration of renal function, while CRF was considered when elevated serum creatinine persisted for >6 months.
Pathohistological diagnoses were classified into six major categories: primary glomerulonephritis (PGN), secondary glomerulonephritis (SGN), glomerulonephritis in the framework of metabolic and hereditary disorders (MHDGN), vascular nephropathy (VN), tubulointerstitial nephropathy (TIN) and miscellaneous pathologies.
PGN has been classified into eight pathologies: minimal change disease (MCD), mesangioproliferative nonIgA nephropathy (non-IgAN), IgA nephropathy (IgAN), focal segmental glomerulosclerosis (FSGS), membranous nephropathy (MN), membranoproliferative GN type I and II (MPGN), crescentic GN (CresGN) and poststreptococcal GN (PSGN).
Lupus nephritis (LN), vasculitis (VAS), collagenosis (scleroderma and other connective tissue diseases not included in the other diagnoses), amyloidosis, Goodpasture's syndrome and cryoglobulinaemic glomerulonephritis were considered as SGN.
MHDGN included diabetic nephropathy (DN) and hereditary renal diseases.
VN included benign and malignant nephroangiosclerosis (NAS), haemolytic uraemic syndrome, renal infarct and preeclampsia.
Acute TIN, chronic TIN and multiple myelomaassociated TIN (MM-TIN) were considered as TIN.
Miscellaneous pathologies included end-stage renal disease (ESRD), acute tubular necrosis (ATN), normal renal tissue and renal tumours.
Patients were divided into two groups according to age: a younger group, which consisted of biopsied patients <60 years of age (16-59 years) , and an older group that included patients aged from 60 to 79 years.
Data analysis
Data were stored on a database file (Excel). The annual incidence was defined as the number of new cases per year related to the mean total population, expressed as per million populations (p.m.p.) per year. Qualitative variables were compared by Chi-square or by Fisher's test as appropriate. P-values <0.05 were considered statistically significant. All analyses were performed using the SPSS statistical software package (Version 10; SPSS, Inc., Chicago, IL, USA). 
Results
During the period of 20 years, 2362 adult renal biopsies were performed at our clinic. Due to inadequate data collection (12.6%) or insufficient sample material (9.1%), in this study, we analysed 1626 of these renal biopsies from native kidneys. There were no biopsied paediatric patients because our clinic treats only adult patients. Along with that, 223 transplant kidney biopsies were excluded from analysis. Serbia is an Eastern European and Central Balkan country with a population of 7 498 001 inhabitants (without Kosovo), and the annual incidence of renal biopsies increased during the observed time from 3. Table 1 , the renal biopsy rate is much higher in almost all published European studies, except for results from Romania where the renal biopsy rate is similar to ours.
The mean age at renal biopsy was 39.1 ± 13.8 years (range , and males were slightly more prevalent (51.2%) than females (P = 0.17, χ 2 test). The most common clinical syndrome as an indication for renal biopsy was NS (53.6%), followed by AUA, CRF, acute nephritic syndrome, haematuria and ARF, as indicated in Figure 1 .
NS was recorded in 872 patients, average age 35.5 ± 13.4 years, with a slight male predominance (male/female ratio 1.1, P = 0.06, χ 2 test). MN was the most common cause of NS (21.6%), followed by LN (19.6%), FSGS (Figure 2 ). The distribution of clinical syndromes according to age and gender is shown in Table 2 . Both NS and ARF were significantly more frequent indications for renal biopsy in the older age group than in patients below 60 years old, while urinary abnormalities were more frequent in the younger age group. There were no differences for the other clinical syndromes between the examined age groups. With regard to sex-related differences, AUA was more frequent among females in the younger age group. Table 3 shows the frequency of native kidney diseases according to age and gender. PGN was the most prevalent in both groups (64.2% for the group <60 years and 63.0% for the group ≥60 years old), followed by SGN (25.1% for the younger group and 21.0% for the older group), VN, TIN, MHDGN and miscellaneous pathologies, respectively. With regard to gender, significantly more males were recorded among PGN, while for SGN females were more prevalent, both in the younger age group.
The prevalence of PGN and frequency of clinical syndromes according to age are presented in Table 4 . In the younger age group, the most frequent was non-IgAN (25.1%), followed by MN and FSGS (18.9% each), IgAN, MPGN, MCD, CresGN and PSGN. On the other hand, MN was the most prevalent in the older age group (28.7%), followed by FSGS, MPGN, non-IgAN, IgAN, CresGN, MCD and PSGN. Non-IgAN was significantly more frequent in the younger age group than in the older age group, while MN occurred significantly more often in the older age group.
In both age groups, MN prevailed as a cause of NS, but non-IgAN was the main cause of urinary abnormalities. Acute nephritic syndrome was mainly caused by MCD in the younger age group and by CresGN in the older age group. IgAN was the principal cause of haematuria, and CresGN prevailed as a cause of ARF. CRF was mainly caused by FSGS in the younger age group, and by nonIgAN in the older age group. There were no significant differences in the frequency of clinical syndromes between the two age groups. Because of its high prevalence, we analysed the frequency of non-IgAN over time. Figure 3 clearly shows that the frequency rose in 1992, remained at a high level during the 1990s and declined from the year 2000 on. At the same time, frequency of IgAN was low, and only 39 cases were recorded during those 8 years (31.2% of all IgAN diagnoses).
Because after the year 2000 all biopsy samples were analysed by light microscopy and immunohistochemistry, we have used the period 2000-2006 for analysis of incidence of PGN. Data are shown in Table 5 , comparative with data from one western, one central and one eastern European country. Table 6 shows the prevalence of SGN and the frequency of clinical syndromes according to age. In the younger age group, LN was the most frequent (75.6%) and occurred significantly more often when compared with the older age group. This was followed by VAS (13.7%), while all other SGN participated with <10% of cases. In contrast, in the older age group (only 29 cases), amyloidosis and VAS were most prevalent at the same level (31%), which was significantly more frequent than in the younger age group.
In the younger age group, LN prevailed as a cause of NS, acute nephritic syndrome and urinary abnormalities, while VAS predominantly caused haematuria and CRF. In the older age group, NS was mainly caused by amyloidosis. Significant differences in the frequency of clinical syndromes between the groups were recorded for NS and AUA. Table 7 indicates the distribution of clinical syndromes among VN cases according to age. In the older age group, NAS was the sole VN and mainly presented as NS (50% of cases). In the younger age group, NAS was also the most prevalent nephropathy, and prevailed as a cause of NS, AUA and CRF. Renal infarction was the most prevalent cause of acute nephritic syndrome. No cases presented as ARF.
Chronic TIN was the most prevalent TIN in both age groups, and NS was mainly caused by MM-TIN. Chronic TIN was the principal cause of urinary abnormalities and CRF in the younger age group but only AUA in the older age group. Among patients with chronic TIN, five patients were diagnosed as Balkan endemic nephropathy, and all presented with urinary abnormalities. Acute TIN was the most frequent cause of acute nephritic syndrome, haematuria and ARF (only one case) in the younger age group, while there were no cases of acute TIN in the older age group (Table 8) .
DN accounted for almost three-quarters of the biopsies in the group classified as a MHDGN, and hereditary diseases for only one-quarter. In both age groups, DN was mainly manifested as NS, while hereditary nephropathy, which was recorded only in the younger age group, prevailed as a cause of haematuria (Table 9) .
Twenty-four biopsies were included in four pathohistological diagnoses that constituted the so-called miscellaneous pathology: normal renal tissue (41.7%), ESRD (29.2%), ATN (20.8%) and tumours (8.3%). All normal renal tissue samples were from the younger age group and presented as urinary abnormalities. Seven ESRD biopsies (six in the younger and one in the older age group) mainly manifested as CRF. ATN was also recorded only in the younger age group, and mainly presented as ARF or acute nephritic syndrome, with only one case as haematuria. Two tumour biopsies presented as haematuria and were in the older age group (Table 10) .
Discussion
This study provides comprehensive information about the demographics, clinical syndromes and prevalence of kidney diseases diagnosed by renal biopsy during a period of 20 years in the biggest university nephrology unit in Serbia. Although this was a single centre study, it covered ∼70% of all biopsies done in our country, which is very similar or higher than the relative population included in several renal biopsy registers [4, 10, 11] . In addition, all biopsy samples were analysed in the same pathological laboratory. Therefore, these are representative results for one very specific Eastern Europe and Central Balkan country, which was under economic sanctions for almost half the studied period. Even though renal biopsy registers can provide very important information about the epidemiology of renal diseases, with geographic and racial characteristics, differences in indications for renal biopsy, the analysed clinical syndromes and variations in pathological classification are sources of bias and make comparison and accurate conclusions difficult. For example, the Italian national registry [12] considered only three clinical syndromes (urinary abnormalities, NS and acute nephritic syndrome), while the Spanish renal biopsy register included hypertension among the seven clinical syndromes analysed [2] . According to our policy, six clinical syndromes are indications for renal biopsy, but the pathohistological diagnoses were grouped as a combination of the Italian and Spanish methods.
As we can see in Table 1 , the renal biopsy rate per year per million population in our study is significantly lower in comparison with almost all European registries. From the year 1987, when percutaneous renal biopsies became standard practice at our clinic, we have a very low incidence of biopsies (3.9 p.m.p./year) because of a conservative approach to performing them. That conservative approach was a consequence of the opinion of most physicians to perform a biopsy only when they felt that the pathology could alter the therapy or when patients had signs of progressive renal disease. Even though we have a steadily increasing biopsy rate, it is still significantly lower than rates in most European countries excluding Romania (Table 1 ). Wirta and associates have undoubtedly shown that the economic situation influences the biopsy rate [5] . This can explain our results, bearing in mind the economical sanctions imposed on Serbia during most of the period covered in this register. Along with that, acute nephritic syndrome and ARF were significantly less frequent indications for a biopsy compared with other registries, which can add to the lower biopsy rate in our analysis [4, [7] [8] [9] . The mean age of our patients at renal biopsy was 39 years, and our finding that all categories of biopsy proven renal diseases occurred mainly at an age younger than 60 years may partly be explained by the tendency not to perform biopsies in elderly patients. The male/female ratio in the whole population was 1.05, a balanced gender distribution, which contrasts with several published renal biopsy registers where males were predominant [2, 6, 11] . However, we recorded a slight male predominance in almost all categories of native kidney diseases, which became significant only for PGN in the age group younger than 60 years. The only exception to this was SGN where there were significantly more females. The higher relative frequency of SGN in females may be explained by the fact that systemic lupus erythematosus was the most common SGN and it occurs more frequently in women.
NS was the most frequent indication for renal biopsy in our study, which is similar to the majority of published renal biopsy registers [2, 9] . On the other side, even though some studies noted AUA as the most frequent indication for renal biopsy, it was the second most frequent indication in our analysis, occurring at half the number of times as NS [13, 14] . ARF was the least frequent indication for biopsy. This is not only because ARF aetiology is detected early by clinical examination and renal function recovers fast after the induction of therapy but also due to the policy of our clinic. It is important to say that ARF was a more frequent indication for renal biopsy in the older age group, where, most likely due to age, renal function did not recover quickly during treatment.
In the whole population, MN was the most common cause of NS. These data are similar to those from the majority of European countries [2, 9, 13] and the United Arab Emirates [15] . Generally, for a long time, MN was considered as a leading cause of NS worldwide [16] . However, as the frequency of FSGS has significantly increased in the last 20 years in black and Hispanic Americans more than in Caucasians, which suggests a possible genetic background [17] , FSGS has become the main cause of NS instead of MN in countries with a predominantly black and/or Hispanic racial structure. We observed that FSGS was third in frequency among the causes of NS, behind MN and LN, which may be because all our biopsied patients were Caucasians.
Analysis of the distribution of clinical syndromes according to age and gender showed that the frequency of NS was significantly higher in patients >60 years, with similar distribution among genders. In contrast to that, the frequency of urinary abnormalities was higher in the younger group and among females of that age group.
Similarly to other reports, PGN accounted for about twothird of all performed biopsies [7, 8] , followed by SGN and vascular nephropathies. We noticed a characteristic distribution of native kidney diseases among the genders only in the younger age group: PGN was dominant among males, SGN among females. Non-IgAN was the most frequent PGN in our whole population (∼25%), while the prevalence of IgAN was only 12%. IgAN is the most frequent PGN worldwide [2, 12, 18] , making our results hard to interpret if we do not take into account the socioeconomic situation in Serbia during the 1990s. Figure 3 clearly shows 
NS, nephrotic syndrome; ANIS, acute nephritic syndrome; AUA, asymptomatic urinary abnormalities; H, haematuria; ARF, acute renal failure; CRF, chronic renal failure; NAS, nephroangiosclerosis; HUS, haemolytic uraemic syndrome; RI, renal infarction. 
NS, nephrotic syndrome; ANIS, acute nephritic syndrome; AUA, asymptomatic urinary abnormalities; H, haematuria; ARF, acute renal failure; CRF, chronic renal failure; CTIN, chronic tubulointerstitial nephritis; ATIN, acute tubulointerstitial nephritis; MMTIN, multiple myeloma-associated TIN. 
MHDGN, glomerulonephritis in the framework of metabolic and hereditary disorders; NS, nephrotic syndrome; ANIS, acute nephritic syndrome; AUA, asymptomatic urinary abnormalities; H, haematuria; ARF, acute renal failure; CRF, chronic renal failure; DN, diabetic nephropathy; HN, hereditary nephropathy. 
NS, nephrotic syndrome; ANIS, acute nephritic syndrome; AUA, asymptomatic urinary abnormalities; H, haematuria; ARF, acute renal failure; CRF, chronic renal failure; Normal, normal renal tissue; ESRD, end-stage renal disease; ATN, acute tubular necrosis.
the change in incidence of non-IgAN during the examined period, and may partly explain our finding. The majority of biopsies were done during the period of economic sanctions (from 1992 until the end of 1999) when we did not have adequate equipment and reagents necessary for the diagnosis of IgAN by immunofluorescence. In addition, according to our knowledge, there are only two published papers from the Balkan region about the prevalence of PGN. It is interesting to point out that both Covic [9] and Polenakovic [19] found a similar prevalence of IgAN to ours. These findings may point to geographic, genetic or environmental factors leading to a lower prevalence of IgAN as an additional explanation of our results. Finally, mesangial proliferation is frequent, unspecific structural glomerular change, seen in most glomerulonephritis. It can be stipulated that it is a matter of individual decision of a pathologist as well as the tissue preparation that influences whether a change will be classified as minimal change or mesangioproliferative glomerulonephritis [20] . Similarly to the results from western countries, we recorded very frequent occurrences of MN and FSGS both in the younger and older age groups, while MCD was less frequent because the paediatric population was not included in our analysis. In spite of poor economical conditions, the prevalence of MPGN was 10% and similar to that in developed countries such as Italy. Annual incidence of various forms of PGN was calculated for the period of last 7 years of our analysis, because during that time we have had all biopsies analysed by both light microscopy and immunohistochemistry. Along with that, we have had a higher biopsy rate during that period, which makes the results more plausible. Significantly lower incidence of MCD and IgAN in comparison to the Czech Republic and Western France is obvious, while the frequency of MN, FSGS and CresGN was similar. Incidence of MPGN is higher compared with France and Czech Republic, but lower than the results from the Romanian analysis [7, 8, 9] . One of the explanations for this is the difference in biopsy rates, which is the main determinant of the glomerulonephritis incidence [5] .
Among PGN, the majority of causes of clinical syndromes showed a similar pathological pattern in both age groups. Irrespective of age, MN was the dominant cause of NS, followed by FSGS. Asymptomatic urinary abnormalities were mainly due to IgAN and non-IgAN. IgAN was the main cause of haematuria in the younger age group, while IgAN, non-IgAN and MCD were equaly frequent causes in the older age group. The experience of several reports coincides with our data [2, 9, 13] .
In our series, in the younger age group, acute nephritic syndrome was mainly caused by MCD, which is quite different from the results of almost all published registers that included nephritic syndrome in the analysis [9, 13, 18] . The reason for this difference is not clear, but it could reflect the small number of cases in our analysis. On the other side, frequently, late referral of patients to our clinic had as a consequence a long-term therapy with furosemide at the primary care centres, which could have consequently led to the development of interstitial nephritis that presents as acute nephritic syndrome [21] . Similarly to other studies, CRF was mainly caused by FSGS in the adult population [2, 22] , and the small number of cases with CRF in the older age group does not allow for any kind of conclusion.
We found that >90% of all categories of secondary glomerulopathies occur mainly between the ages of 16 and 60. This may be explained by the fact that LN was the dominant finding in this pathology group and it occurs most often in middle age. In spite of the small number of cases in the age group older than 60 (only 29 cases), similar to other registries, VAS and amyloidosis were the most prevalent pathologies [4, 23] . In the younger age group, LN prevailed as a cause of NS, urinary abnormalities and nephritic syndrome. The very high prevalence of LN as a cause of AUA reflects our policy to perform renal biopsies in systemic lupus erythematosus patients during the early stage of renal affection. Our results show that VAS was the most frequent cause of CRF, while the experience in Spain is quite different, where VAS dominantly manifested as an ARF [2] . There is no exact explanation for this difference, but late referral, characteristic for a poor country such as Serbia, could be the reason.
Among VN, NAS was the most prevalent pathology in both age groups. However, we recorded different patterns of presentation for this disease. In the younger age group, NAS was the most frequent cause of CRF, while in the older age group, 50% of NAS cases cause NS. This finding was due to our local policy not to perform biopsies in older patients with renal insufficiency and a history of hypertension, while CRF represents a frequent indication for biopsy in younger patients irrespective of the duration of hypertension.
Diagnosis of tubulointerstitial nephropathies is mainly based on clinical background and by procedures less invasive than renal biopsy. For this reason we recorded only 51 cases with this pathology. Chronic TIN prevailed in both age groups, and it was the principal cause of AUA, while acute TIN, noticed only in the younger age group, caused almost all clinical syndromes except CRF. NS was mainly caused by MM-TIN. These data are in accordance with Italian results [12] . As we know, Serbia is a country with several endemic areas of Balcan endemic nephropathy. However, diagnosis of this disease is mainly established by family history, characteristic clinical course and data that the patient is an inhabitant of an endemic area. Because of this approach, there is a very small percentage of histologically proven diagnosis of Balkan endemic nephropathy.
According to our policy, patients with long-lasting diabetes and diabetic retinopathy are not considered as candidates for biopsy, irrespective of the presence and severity of renal syndromes. With this view, it is not surprising that the prevalence of DN was low. At the same time, DN represented almost three-quarters of biopsies in the group classified as a MHDGN and mainly manifested as NS.
In conclusion, our renal biopsy registry represents an important contribution to understanding the epidemiology of renal diseases in Serbia. At the same time, it is one of the rare registries that comprehensively analysed correlations between clinical syndromes and renal pathology during a long time period. We are hoping that this registry will be the basis for developing not only a national registry but also a register that will encompass all Balkan countries. The different approaches to registry design, as well as different pathophysiologic classifications of renal diseases, that can be seen in all published papers (registries), thus far, undisputedly impose the need for organizing a consensus conference, which could give the universal principles necessary for obtaining a more exact overview of the epidemiology of renal diseases diagnosed by kidney biopsy.
